Abstract. The water requirement greatly increased due to population growth, increased agricultural areas and industrial development, thus causing high water demand. The complex problems facing by country is water pricing is not designed optimally as a staple of human needs and on the other hand also cannot guarantee the maintenance and distribution of water effectively. The cheap water pricing caused increase of water use and unmanageable water resource. Therefore, the more optimal water pricing as an effective control of water policy is needed for the sake of ensuring water resources conservation and sustainability. This paper presents the review on problems, issues and mathematical modelling of water pricing based on agriculture and domestic groundwater for water sustainability and conservation.
Introduction: Intrinsic of water value for the human needs
Access to water is a fundamental right for every person without discriminate. It makes the water is an intrinsic value that should be considered more than the value for the social, economic, religious and environmental [1] .
As a fundamental right, the water needs must be fulfilling ± 500 liters per person per day, which is essential needs for a standard living in life. The higher standard living of life, then the greater usage of water. For example, in the city of Chicago and Los Angeles each required 800 and 640 liter of water respectively. In Paris, it requires 480 liter and Tokyo requires 530 liter per person per day. Meanwhile in poor countries such as Somalia only 9 liters acquires per person per day [2] [3] . Whereas in developing countries like Indonesia, in a large city requires 200-400 liters per person per day while in rural areas only 60 liter per person per day covering 30 liter for bathing, 15 liter for drink (including cooking and beverages) and 15 liter for other purposes [4] .
According to [5] , only in 18 districts are citizens enjoyed water services out of the 35 districts in Subang district of West Java. One of the obstacles faced by rural communities is poverty thus this people have limited access to fulfill the needs of clean water that is safe and feasible. Poverty and participatory type of project is a significant factor affecting the condition of water supply system [6] . It require the help of the government or donor agencies to build water projects. Providing clean water by utilizing ground water with two bore holes each with a capacity of 5 liters/sec. Water pumped from wells drilled into the two towers of water (volume respectively 4 and 18 m 3 ). From water tower, then it is supplied to houses. However, this method is ineffective because it requires a large cost.
In Surabaya, Indonesia, water problem is serious in terms of both quantity and quality. In 2025, it is predicted a deficit of water for a population of 3.04 million people and water need to reach 47.05 m 3 per second while water availability is only 39.62 m 3 per second. Therefore, it is water deficit of 7.43 m 3 per second. This happens because water pollution is severe in Surabaya as a supplier of drinking water for the channeling of water increasing the cost of prevention and the use of chemicals treatment is high. As a result, 85% of people/households seek other alternatives to buying drinking water and household behavior bring economic consequences in the form of additional expenditure [7] .
In Java Island, availability of water per capita per year is only 1750 m 3 , which is below water sufficiency standard of 2,000 m 3 per capita per year. Conditions are expected to worsen in 2020 where availability only 1200 m 3 per capita per year [8] . This is because the population is widespread and limited ability of local communities to obtain financial support in financing the investments needed to improve service facilities and infrastructures, as well as the investment of non-physical consisting of management, technical and human resource development in water management.
Optimal water price reflecting sustainability
Water occupies a very important position and strategic location in the life of the community and the nation [9] . Therefore the water should be available at a particular location and the right time and should be retrieved easily. For the protection of everyone's access to water, the water right becomes the highest priority in human rights. Therefore, the state must respect, protect and fulfill the needs for public survival. However, the government/state often ignores the rights evidenced by the many areas such in Medan is still a shortage of clean water availability and the price of water is relative expensive [10] .
According to [9] , in order to obtain optimal water price, it must consider the total water comes into the storage container (aquifer) and the total water that comes out because the total water affects estimates of evaprotranspiration. The amount of water that cans entry to the storage container is:
where: QSWI = The flow of surface water entering aquifer QGWI = Incoming groundwater flow QPPT = Precipitation QTW = Water entering aquifer from another source. Total water that comes out is:
where: Q ET : Evapotranspiration QND: Water requirements QSWO: Surface water flow out QGWO: Ground water flow out
In Chile, price of water is an economic policy instrument that may affect the environment, social and economic efficiency. Water scarcity has caused high water prices, causing consumers reduce water consumption and also worsen by less access to water services. The price of water is an economic policy instruments that are useful to affect the efficient use of water. A well designed water price will produce good objectives such as the promotion of economic efficiency, equity, environmental and water conservation measures in water scarce areas, public acceptance and politics [11] . The proposed water rate is based on the following idea:
where RFB and RSB represent total perceived revenue from the first and second block respectively, CRUR is the current revenue received under the uniform rate tariff structure, ERs represents the required extra revenue to cover subsidy costs and ERWS is the additional revenue due to the increased tariff to signal water scarcity.
Mathematical modelling of sustainability and conservation of water resources in the future
Indeed, none of technology appropriate to prevent such degradation of water resources, even if the change in approach that offers a selection of technical, financial and institutional, but there will be changes to the environment, to the community needs to respond to the condition of the state with the prevention, protection and preservation sustainable water resources [12] . A study in [13] , in Fendong District Fenhe Region, Shanxi Province, China an area of critical water resources, with irrigation efficiency water use is 65.8%, industrial (14.6%) and ecology (6.2%). The development of water resources is slower in comparison to the development of industrialization and urbanization. These are due to rapid population growth and determine the policy mistakes of the water so that the sustainability of water needs to be concerned. The optimization model for agricultural water transfer:
Objective:
The objective of the optimization model for agricultural water transfer is maximizing incremental benefit of water resources. The water amount transferred from agriculture to second industry and tertiary industry are chosen as decision variables.
A study by [14, [19] [20] [21] [22] explored the behavior of water resources system imposed by climate change and population growth. They developed a dynamic model that stimulates changes in water governance through the integration process of supply, demand and asset management. Integration is a feedback loop that is used to express the relationship between the structure of rates, the level of demand and funding capacity which is designed in the modelling the scenario of various countries. This model shows an alternative rate structures to lower demand in the period of scarcity. The water demand sub-model estimates annual water demand, which is driven by three key variables: population, per capita water demand and climate impacts. These are calculated using the following equations:
where AWD: Annual Water Demand; P: population; Pch : population change; Pi: initial population; WDpc: per capita water demand; WUpc: per capita water use projection; Ci: climate impacts. A study by [15] explains that increasing economic and population growth in developing countries led to problems of water scarcity and water pollution as the case in the area of Tian Jin, North China. The model adopted is a dynamic model that reflects the water management system which includes three sub-models: (i) socioeconomic, (ii) cycle springs, and (iii) the flow of pollutants. All three sub-models can react with each other to encourage and limit the development of each model. This model was used to analyze the potential of reclaimed water as waste water that can be recycled which is safe for a variety of uses. This study shows a good simulation of the socio-economic and environment arising from the use of reclaimed water.
The dryness caused by reduced groundwater recharge and depletion of groundwater, causing a threat to farmers in Iran [16] . The technique used in this study was engineered storage of water in the aquifer and is a technique that could minimizes the water loss due to high evaporation from dams and reduces soil depletion due to excessive exploitation of ground water that is causing a threat to drought. They developed ASR (Aquifer Storage Recovery) working to move surface water into aquifers through infiltration or injection of water in the dam then you have available can be used with conventional pumping and with the design of the dam it can reduce groundwater recharge. Model ASR profitable for farmers in these regions due to water depletion rate decreased significantly (from 14.5 meter per 40 years to 3 meters during the same period) and evaporation of the reservoir decreased by 50 million m 3 during the simulation period. During periodic simulation, aquifer storage, Si is related to aquifer head using the relationship between storage and head in an unconfined aquifer:
Sy = the specific yield of the aquifer; Zbed = the bedrock elevation (L).
A study by [17] extends that the water needed by each person depends on groundwater. The ground water is of growing importance in agricultural production, especially in the Middle East country. As the climate changes that cause global warming and low rainfall resulted in groundwater levels decreased in Hamedan-Bahar, Iran. Ground water has affected the public water suppliers in the extraction of the competition over the use thus causing more exploitation consequently causing damage to the order of the aquifer. The groundwater volume changes due to individual variables of the aquifer balance equation (such as precipitation or exploitation) the water table depth also changes according to the following equation:
St is the water table depth (height of water pumping) in year t; A is the area of aquifer (m 2 ), and q is the specific yield of the aquifer.
A study by [18] explained that in Medan it is frequent water shortages and interruption of water by distrbutor at certain hours. This happens because the population of Medan is large with 2,191,140 inhabitants of 502,735 households and the widespread diversification across various sectors of economic use of water for both irrigation and livestock farming. Pollution is high that approximately 2 million tons of waste every day which pollute the water, environment and catchment area increasingly destroys the water resources [1] . In addition, the management of the water supply is still weak for their cross-subsidy occurs between consumer usage of water (based on Regulation No. 23, 2006) that generate inequality in the consumption of water with same water quality. Therefore, it needs optimal water pricing to guarantee water sustainability. The dynamic model expressed in mathematical equation established equation of revenue, R from selling water is influenced by the size prescribed rate; the rate consists of a low rate, LR; the basic rate, BR; full rate, FR; special rate, SR; and the total cost, TC required for operation. The equation is proposed as follows:
R is called the overall demand or aggregate demand, AD. This revenue formed optimal water price:
where;
where 0 , 1 , 2 , 3 , 4 , 5 , 6 are parameter estimation and 1 , 7 is disturbances/error terms. The optimal price is influenced by revenue, R and the price is called the aggregate supply, AS. In the order for optimal water price can be achieved when AD = AS (reach equilibrium).
Conclusions and suggestions
Based on research that has been done a number of conclusions as follows. Water infrastructure must be well maintained to achieve sustainability thus improve the community welfare and future generations. Determination of the optimal price of water is necessary because water prices concerns about the value of water and the actual price of good water management, proper and reality set by channeling the water to provide services for the community. Based on research that has been done and scenarios of water pricing policies, some suggestions are: water resources is the main priority of infrastructure and basic needs of the community so that the correct water management and optimal pricing can prosper public life. The traditional presume that they thought the water resources as belonging to the public and controlled by the state so that the waste water usage occurs while this is now water has become economic goods that need to be guarded and maintained as well as the investment required to maintain sustainability.
